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lodine-Catalyzed Telluration of Indole Derivatives with Diarylditellu-
rides for Synthesis of 3-Aryltellurylindoles

Chen, Jinyang* Hu, Li Wang, haiying Tan, honghui
(College of Chemistry and Chemical Engineering, Yangtze Normal University, Fuling 408000)

Abstract In the presence of 20 mol% K,S,0s, a variety of 3-aryltellurylindoles were obtained in high yields via the tellu-
ration of indole dervatives with diarylditellurides catalyzed by 20 mol% I,. This process tolerates a wide spectrum of different
indole derivatives and diarylditellurides. Other advantages include mild reaction conditions, high yields and atom economy,

NOTE

and an efficient route to 3-aryltellurylindoles is afforded.
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AL LA 20 mol% I /AT, 7E 20 mol% K,S,05
FEAE TR US| AT A R0 — 5% 3 — Ik S, e 7 R o %
— R 3-FhE R LAY, %R N B RN A AR
A BRI, RN 515 RS T B 254 4,
SR 3-5 i S R g ) £ B AL T R R 4R

1 &R511R

N T R E AR A, LA Wk (1a, 0.2 mmol) 5
TR AT (2a, 0.1 mmol) I NAE AR AL R N, R G
HERAEATI & AT R R OB [
TELEE XS R B [ REmR, 45 SR LR 1.

H 1 AT, AT A B S NP R K, Bl
B ERD, O =2 B PR, (2 {45
FHEN 20 mol%MT, % NATSRESRAG 45 5 7= 3 (Entry 2,
51%). ik — B BRAR AT &, &8 2 28T
(Entry 3, 33%). 7 T BRI E, FRATEL 20 mol%
L fENMEALT, B RPBRER NS 80 C, HEK M
BHAIZE 12 h, SBIRTE 62%MH07° F (Entry 4). KE4E5
SRS E B AR P B, R 28 A 15 2 B R 3
JN(Entry 5, 63%). A [R5 A7) J2 F FH 0 OB = %4l 2

AR, 4Ll K,S,05 (50 mol%)VENEALFINT,
NEF= 2l 78%. KA AL B FFIKE 20 mol%I, KX
NP R AT B B R B#(Entry 9, 77%), KIIEEL K,S,05
(20 mol%)fE NEAEAMNA. Fh, REHEAREH
(THF. CH;CN. DMF. 1,4-dioxane. DMSO)X} Jz v [
oM. S5 REIR, Ll DMSO 1E N R BRI, 1% &8
A5 5 = %(86%) (Entry 17), AI g2 T DMSO BF
BT R AR R — 2 A PE. H 0.5 equiv. I 2K —
i B 5 e 436 I B RIGHEAT, 5 A IR 7 4 5 14 2 3R (Entry
18). M MAE RS N AT, RN T
(Entry 19, 81%), WSS —EMEIIEH. @
iEPL R B, 18 B A I ROBE 25 A e IR S
TR TREEE B R LN 21, AT T, FHEN 20
mol%, AT K,S,0s &N 20 mol%, KA EHN
80 C, JRMMFAJY 12 h (Entry 17). fEZHAAL SN 2%
PEEER b, B G0 G Fhmg| AT AR A0 — 5 ik TR 1)
SN, SR WK 2.

BHE 2 WIAI, %R0 AN [F]RG AT A= P A — 05 i —
i Bk 1) EL A B PRI L, e ) ARG v PR = 2R 3R A AH
M) B FRPEHI(72%~92%). MIEAT A R ER_E A EUR

3 WEIVE SRR A

Table 1 Optimization of reaction conditions

H I,, oxidant N
©1/) + PhTeTePh S ——— /
solvent, Temp., Time
TePh
1a 2a 3a
Entry I,/mol% Time/h Temp./'C Oxidants/mol% Solvent Yield/%
1 50 8 60 None THF 58
2 20 12 60 None THF 51
3 10 16 60 None THF 33
4 20 12 80 None THF 62
5 50 14 100 None THF 63
6 20 12 80 m-CPBA (50) THF 65
7 20 12 80 (NH,),S,05(50) THF 70
8 20 12 80 K,S,054(50) THF 78
9 20 12 80 K,S,05(20) THF 77
10 20 12 80 K,S,05(10) THF 65
11 20 12 80 K,S,05(20) CH;CN 64
12 20 12 80 K,S,04(20) DMF 81
13 20 12 80 K,S,04(20) Acetone 57
14 20 12 80 K,S,04(20) 1,4-Dioxane 69
15 20 12 80 K,S,04(20) Ether 46
16 20 12 80 K,S,05(20) Toluene 52
17 20 12 80 K,S,05(20) DMSO 86
18¢ 20 12 80 K,S,05(20) DMSO 86
19¢ 20 12 80 K,S,05 (20) DMSO 81

“Reaction conditions: indole (0.2 mmol), diphenyl ditelluride (0.1 mmol), I, (mol%), oxidants (mol%), solvent (1.0 mL), air; bGe yields; ¢ 0.2 mmol of diphenyl

ditelluride was performed; ¢ under nitrogen atmosphere.
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Table 2 The reaction of various indole derivatives with diaryl ditellurides
R3 R3
/ /
N 00 00 \ N
" _E/\VL/%RZ + ArTeTear 220 moI%) KgS:05 20 mol%) _ "
= DMSO, 80 °C, 12 h =
1 2 3 TeAr
Entry R! R? R® Ar Product Yield”/%

1 H H H Ph 3a 86
2 5-Me H H Ph 3b 84
3 7-Me H H Ph 3c 88
4 5-OMe H H Ph 3d 86
5 5-F H H Ph 3e 91
6 5-Cl H H Ph 3f 90
7 5-Br H H Ph 3g 90
8 6-Cl H H Ph 3h 89
9 5-CN H H Ph 3i 78
10 5-NO, H H Ph 3j 76
11 H Me H Ph 3k 79
12 H CO,Et H Ph 31 72
13 H H Me Ph 3m 86
14 H H H 4-CIC4Hg 3n 92

“Reaction conditions: indole (0.5 mmol), diaryl ditellurides (0.25 mmol), I, (20 mol%), K»S,05 (20 mol%), DMSO (2.0 mL), in air, 80 ‘C, 12 h. *Isolated yields.

B RBLFZMAAN K, ANE LS HLFFE(Me, OMe)id &4 H
THE(F, CL Br, 1), [ IJIRAFE K7 % (Entries 2~8,
84% ~91%). H A IF LA 54y T 5 FI(CN 5k
NOy) B, J B 7= Z % A7 B4 ik (Entries 9 #1110, 76% Al
78%). [FIRF, WSIWRAT AR IN b AR EE A B X R S5
WIARK, BZKIR 5. 6+ T-0r o AR ERIEHURES, &
BIReAFI i = 2. (H I AT AP ) 2-hie A BUAR
LI, OB PR, AT RE A DR A 1] BH ) R e
(Entries 11 F1 12, 79%A01 72%). MWk 1-f7 b (R HUACIE %
REESARK, B3RS 86% 117 K (Entry 13). Zixil
PSSR S5 A R A 3 FH P51 P 55— (4- SRR ) AT ) S
i, NP IS 92% (Entry 14).

IR SO 1, AR 3-05 fil 40 RS FR RT RE
AL JE AT B 58 (Scheme 1), BNFEHACAL LT, BL 2
equiv. ff] 2,2,6,6- DU H JEWRIE - 1-48 F B3 (TEMPO)
H B R 3R, 5% I R R R R AE TR ) pR 2 )
. SERR AR IR, TEZR BTN, R 2EA
M, VEIZ NI R AN J 2 e T A

I (20 mol%)

H K,S,0g (20 mol%) ¥
H .
@Q/) + PhTeTePh TEMPO (2.0 equiv.) Y
DMSO, 80 °C, 12 h \ eph
yield: 86%

21 v I MW e i P

Scheme 1 Control experiment for mechanism study
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Scheme 2 Proposal mechanism of iodine-catalyzed telluration
of indole derivatives
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13 JERYIE VG S50 AL, O 3- D5 Tl B e R A ) % 12
BT B SR

3 SLIEES

31 X5

'H NMR A1 °C NMR ] INOVA-400 A #8305, LA
TMS NAFR; FiEH HP5989A MIE; HER AT Sl ve
T L AR S0 AR R (m-CPBA). i iR
B LB RN AN SRR B, YAFIDU AR (THE) . 2%
(CH;CN). N,N- — H 5 H it i (DMF) . 1,4- 4% 753
(1,4-dioxane). A fild (acetone) A1 — FF IEHH(DMSO), M|k
FTAEIIMAL P EIUE PR A R WK, Tk — 05 5 —fi
Tl PR 41 SC R 7 v ) 4%,

3.2 ZWHE

¥4 0.5 mmol M5 WERTAHIF1 0.25 mmol — 75 FE ki liF
E T 10 mL Schlenk M H, JOA 0.1 mmol K,S,04-
0.1 mmol fLEL T A1 2.0 mL DMSO, MR & AE 80 C
TRM 12 he RMNARE, [RBSTEEEFIA 10 mL
K, 8 ZBEX B (10 mLX3), &AM, LK
Na,SO, TH. FFRIAF, ST ZHTE 3-75 it HL 5|
&) 3a~3n.

3- 2R A B 05 ik (3a): VR B B [EAR, FEE 86%. mup.
156~158 °C; '"H NMR (CDCls, 400 MHz) J: 8.47 (s, 1H),
7.66 (d, J=7.2 Hz, 1H), 7.54~7.53 (m, 1H), 7.43~7.40
(m, 3H), 7.28~7.20 (m, 2H), 7.12~7.06 (m, 3H); "°C
NMR (CDCl;, 100 MHz) 6: 136.4, 135.6, 134.4, 132.4,
129.2, 126.7, 123.0, 122.2, 120.9, 116.5, 111.2, 81.1; MS
(EI) m/z: 323.0; HRMS calcd for C4H;;NTe 323.0247,
found 323.0244.

5-FJE-3-ZERRIL MG E(3b): R B AR, 2R 84%.
m.p. 162~164 ‘C; '"H NMR (CDCls, 400 MHz) 6: 8.40 (s,
1H), 7.52 (s, 1H), 7.46 (s, 1H), 7.41 (d, J=6.8 Hz, 2H),
7.33 (d, J=8.4 Hz, 1H), 7.15~7.07 (m, 4H), 2.47 (s, 3H);
C NMR (CDCl;, 100 MHz) d: 135.8, 134.6, 134.2, 132.6,
130.4, 129.2, 126.6, 124.6, 121.7, 116.7, 110.9, 80.5, 21.5;
MS (EI) m/z: 337.0; HRMS calcd for C;sH;3NTe 337.0418,
found 337.0420.

7-FHE-3-ZERR LGk (3c): MR LA, PR 88%.
m.p. 160~162 C; '"H NMR (CDCls, 400 MHz) 6: 8.48 (s,
1H), 7.56 (s, 1H), 7.51 (d, J=6.8 Hz, 1H), 7.40 (d, J=6.8
Hz, 2H), 7.12~7.06 (m, 5H), 2.53 (s, 3H); “C NMR
(CDCls, 100 MHz) J: 136.0, 135.2, 134.4, 132.0, 129.2,
126.6, 123.4, 121.0, 120.4, 119.9, 116.5, 81.5, 16.6; MS
(EI) m/z: 337.1; HRMS caled for C;sH{3NTe 337.1326,
found 337.1322.
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5- PG -3-OR A SR M| Wk (3d): vk B A [ AR, PR R
86%. m.p. 166~167 ‘C; '"H NMR (CDCl;, 400 MHz) o:
8.45 (s, 1H), 7.50 (s, 1H), 7.41 (d, J=6.8 Hz, 2H), 7.31 (d,
J=6.8 Hz, 1H), 7.15~7.07 (m, 4H), 7.92 (d, J=4.8 Hz,
1H), 3.84 (s, 3H); *C NMR (CDCl;, 100 MHz) 6: 155.2,
136.2, 134.2, 133.2, 131.3, 129.2, 126.6, 116.6, 113.4,
112.1, 103.5, 80.7, 55.9; MS (EI) m/z: 353.0; HRMS calcd
for C;sH;sNOTe 353.0185, found 353.0187.

59, -3- 2K it JE 5] Pk (3e): VR B (L[ A, PR 91%.
m.p. 142~144 °C; '"H NMR (CDCls, 400 MHz) J: 8.46 (s,
1H), 7.52 (s, 1H), 7.37~7.28 (m, 4H), 7.06~6.99 (m,
3H), 6.95~6.90 (m, 1H); *C NMR (CDCls, 100 MHz) ¢:
159.9, 157.6, 137.1, 134.5, 132.8, 129.3, 126.8, 116.1,
112.0, 111.9, 111.6, 111.3, 107.3, 107.1, 100.0; MS (EI)
m/z: 341.0; HRMS calced for C;4H;(FNTe 340.9957, found
340.9955.

5-G-3- IR A LI W (3): R AR, FEE 90%.
m.p. 170~172 °C; '"H NMR (CDCls, 400 MHz) J: 8.59 (s,
1H), 7.52 (s, 1H), 7.64 (s, 1H), 7.58 (s, 1H), 7.41 (d, J=
7.2 Hz, 2H), 7.35 (d, J=8.8 Hz, 1H), 7.21 (d, J=8.4 Hz,
1H), 7.17~7.08 (m, 3H); *C NMR (CDCl;, 100 MHz) ¢:
136.8, 134.8, 134.5, 133.8, 129.3, 126.9, 126.8, 123.4,
121.7, 116.1, 112.3, 80.7; MS (EI) m/z: 357.1; HRMS
calcd for C4H(FNTe 340.9957, found 340.9955.

5-JR-3-ZK A L G Wk (Bg): IR T EAK, PR 90%.
m.p. 175~178 °C; '"H NMR (CDCls, 400 MHz) J: 8.60 (s,
1H), 7.80 (s, 1H), 7.55 (s, 1H), 7.41~7.39 (m, 2H), 7.32~
731 (m, 2H), 7.14~7.07 (s, 3H); *C NMR (CDCl;, 100
MHz) §: 136.7, 135.1, 134.5, 134.4, 129.3, 126.9, 126.0,
124.8, 116.1, 114.4, 112.7, 80.6; MS (EI) m/z: 401.0;
HRMS calcd for C,4H;,FNTe 340.9957, found 340.9955.

6- 5, -3- M Z M5 Wk (3h): ¥R B A [E AR, PR E 89%.
m.p. 173~174 ‘C; '"H NMR (CDCls, 400 MHz) ¢: 8.44 (s,
1H), 7.56 (d, J=8.4 Hz, 1H), 7.52 (s, 1H), 7.42~7.40 (m,
3H), 7.17~7.08 (m, 4H); *C NMR (CDCl;, 100 MHz) ¢:
136.6, 136.1, 134.5, 131.1, 129.3, 129.0, 126.8, 123.1,
121.7, 116.1, 111.1, 81.2; MS (EI) m/z: 357.2; HRMS
calcd for C4H;(CINTe 356.9623, found 356.9625.

S-FHE-3- A M| W (3i): VR TR, R 78%.
m.p. 154~156 °C; '"H NMR (CDCls, 400 MHz) J: 8.93 (s,
1H), 8.01 (s, 1H), 7.69 (s, 1H), 7.50~7.42 (m, 4H), 7.17~
7.09 (m, 3H); “C NMR (CDCl;, 100 MHz) ¢: 138.3,
137.4, 135.0, 132.5, 129.4, 127.9, 127.2, 125.9, 120.4,
115.4, 112.2, 104.1, 82.2; MS (EI) m/z: 348.3; HRMS
caled for CysH,oN,Te 347.9954, found 347.9952.
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SR FE-3- MR I WE3)): IR EAEE, PEER 76%.
m.p. 182~184 C; 'H NMR (DMSO-d;s, 400 MHz) ¢:
12.42 (s, 1H), 8.34 (s, 1H), 8.10~8.08 (m, 2H), 7.70 (d,
J=8.4 Hz, 1H), 7.40 (d, J=6.4 Hz, 2H), 7.16~7.14 (m,
3H); “C NMR (DMSO-ds;, 100 MHz) §: 142.0, 141.1,
140.7, 134.6, 132.4, 129.9, 127.3, 118.1, 117.9, 116.8,
113.2, 82.4; MS (EI) m/z: 368.0; HRMS calcd for
C1:H,oN,O,Te 367.9867, found 367.5869.

2-F 33K R L NG|k (3K): MR EE A, PR 79%.
m.p. 160~162 °C; '"H NMR (CDCls, 400 MHz) J: 8.28 (s,
1H), 7.56 (d, J=7.6 Hz, 1H), 7.34~7.28 (m, 3H), 7.20~
7.13 (m, 2H), 7.11~7.02 (m, 3H), 2.60 (s, 3H); *C NMR
(CDCls, 100 MHz) J: 143.4, 136.6, 134.0, 133.8, 129.2,
126.4, 122.2, 121.7, 120.7, 116.7, 110.4, 81.9, 15.5; MS
(EI) m/z: 337.1; HRMS caled for C;sH3NTe 337.0125,
found 337.0128.

3- 2R -2 W FH R BB (31): ¥R 28 (0 [l 44, ;=%
72%. m.p. 165~168 ‘C; '"H NMR (CDCl;, 400 MHz) ¢:
9.30 (s, 1H), 7.72 (d, J=7.6 Hz, 2H), 7.40 (d, J=8.0 Hz,
1H), 7.30~7.26 (m, 2H), 7.18~7.14 (m, 3H), 4.47~4.41
(m, 2H), 1.41 (t, J=7.6 Hz, 3H); *C NMR (CDCl;, 100
MHz) §: 161.5, 137.8, 137.3, 132.5, 129.2, 129.1, 127.7,
125.9, 124.2, 120.9, 114.6, 112.0, 90.5, 61.5, 14.4; MS (EI)
m/z: 395.0; HRMS calcd for C,7H;sNO,Te 395.0216,
found 395.0214.

N- FA 3L 32 % Al JE W5 o (B3m): ¥k % (0[] 44, 7R R
86%. m.p. 162~165 ‘C; '"H NMR (CDCl;, 400 MHz) o:
7.66~7.64 (m, 1H), 7.42~7.36 (m, 4H), 7.31~7.27 (m,
1H), 7.22~7.20 (m, 1H), 7.11~7.06 (m, 3H), 3.86 (s,
3H); *C NMR (CDCls, 100 MHz) §: 134.0, 134.3, 133.3,
130.0, 129.1, 126.6, 123.8, 122.5, 122.3, 120.5, 116.8,
109.4, 33.1; MS (EI) m/z: 337.2; HRMS calcd for
CysH3sNTe 337.1165, found 337.1166.

3-(4-ERERR B WE3n): R A, FPER 92%.
m.p. 172~174 °C; '"H NMR (CDCl;, 400 MHz) J: 8.56 (s,
1H), 7.62 (d, J=8.0 Hz, 1H), 7.57 (s, 1H), 7.45 (d, J=8.0
Hz, 1H), 7.32~7.27 (m, 3H), 7.22~7.18 (m, 1H), 7.03 (d,
J=17.6 Hz, 2H); °C NMR (CDCl;, 100 MHz) ¢: 136.4,
135.6, 135.6, 133.0, 132.2, 129.3, 123.1, 122.0, 121.1,
114.1, 111.2, 81.0; MS (EI) m/z: 357.1; HRMS calcd for
Cy4H,(CINTe 356.9742, found 356.9746.

% B4 £t (Supporting Information) FiTH H Az~ 1]
"HNMR Al "C NMR . iX2pf b n] LA 5 AR T il
(http://sioc-Journal.cn/) b T #k.
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